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(54) RARE-EARTH BONDING MAGNET 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a rare-earth bonding magnet, which is economical and 
has high performances. 

SOLUTION: This rare-earth bonding magnet is the rare-earth-based magnetic material 
containing Nb2Fe14B-type crystal. This material is constituted of the magnetic powder, which is 
the crushed powder of the quickly cooled thin belt having a rare-earth-element content of 8- 
1 1at.% and iHc of 7 kOe or more and has the average particle diameter of 1 10|im or more, and 
the magnetic powder having the following properties. This magnetic powder is the crushed 
powder of replaced-spring-magnet thin belt with an average particle size of 50|im or less, which 
is constituted of soft magnetic phase and hard magnetic phase, which have a rare-earth- 
element content of 8wt% or less, an iHc of 3.5-6.0 kOe, a Br of 10kG or more and a crystal- 
particle diameter controlled at 10-1 00pm, and amorphous phase having 10 area % or less and 
bonding resin. Thus, the rare-earth-bond magnet having the magnetic characteristics of the Br 
(remnant magnetic filed density) of 8kG or more, an iHc (coercive force) of 5 kOe or more and 
an energy product (BH) max of 11MGOe or more is obtained. 
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* NOTICES* 

Japan Patent Office is not responsible for any 
* damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3 Jn the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim l] The following magnetic powder (A), mixed magnetic powder with (B), and the resin for 
association are made into a main constituent, a residual magnetic flux density Br is 8 or more kGs, and 
coercive force iHc is 5kOe(s). Rare earth bond magnet characterized by energy product (BH) max having 
the magnetic properties of 11 or more MGOes above. 

(A) It is a rare earth system magnet ingredient including a Nd2 Fel4B mold crystal. The content of rare 
earth elements is 8-llat.%, and coercive force iHc is 7kOe(s). Coercive force iHc below 8at(s).% by the 
pulverizied powder of the above quenching thin band by 3.5-6.0kOe [ mean particle diameter ] [ the 
content of magnetic powder 100 micrometers or more and (B) rare earth elements 1 A residual magnetic 
flux density Br is the pulverized powder of the exchange spring magnet thin band which consists of a 
software magnetism phase controlled by 10-100nm, a hard magnetism phase, and an amorphous phase 
below 10 area %, and the diameter of crystal grain of 10 or more kGs is magnetic powder with a mean 
particle diameter of 50 micrometers or less. 

[Claim 2l The rare earth bond magnet according to claim 1 obtained by compression molding. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] For this invention, about a highly efficient and economical rare earth bond 
magnet, in more detail, in spite of being a rare -earth-elements low content, a residual magnetic flux 
density Br is 8 or more kGs, and coercive force iHc is 5kOe(s). It is above and is related with the rare 
earth system bond magnet with which energy product (BH) max has 11 or more MGOes and the high 
engine performance. 
[0002] 

[Description of the Prior Art] Conventionally, the rare earth system bond magnet is used abundantly in 
the form of the magnet for motors as an electronic electrical part centering on Nd system isotropy 
compression-molding magnet. It is used for the pager, cellular one, etc. which are the hard disk drive 
(HDD) which is especially a computer loading device, CD-ROM, the printer which is this peripheral 
device, a scanner, and pocket communication equipment in large quantities. 

[0003] However, the demand of a more powerful and economical magnet is increasing with the formation 
of small lightweight of these devices especially in recent years. Although a rare earth system sintered 
magnet (Nd system, Sm system) and Sm system anisotropy bond magnet are powerful magnets which 
have a high energy product rather than Nd system isotropy bond magnet, since they are inferior to 
economical efficiency, they are hardly used for the motor application of the above-mentioned device. 
[0004] Now as raw material magnetic powder of Nd system isotropy bond magnet, only the MQP (trade 
name) magnetic powder (product made from MQI) that the U.S. GM company developed is supplied on a 
scale of industry, and especially MQP-B grade is actively used also among this MQP magnetic powder, the 
general presentation of this MQP-B magnetic powder -- Ndl2Fe76.5Co5.5 B6 near the stoichiometric 
composition of the Nd2 Fel4B mold crystal structure it is magnetic properties The magnetic properties 
of the compression-molding bond magnet (MQI-B10) which are Br=8.2kG, iHc=9.0kOe, and (BH) 
max=12.0MGOe in nominal rating, and used this magnetic powder They are Br=6.9kG, iHc=9.0kOe, and 
(BH) max=10.0MGOe (it is based on a MQI catalog.). . 

[0005] Moreover, in JP,8- 124730, A, they are Ndl2**0.5at.% near Nd2 Fel4B stoichiometric composition, 
and coercive force iHc=10kOe. Coercive force 4-10kOe which mixed quenching fine particles and the 
exchange spring magnet fine particles which consist of a software magnetism phase by which crystal 
grain was controlled by 20-50nm, and a hard magnetism phase, and hardened this by resin The low 
coercive force rare earth resin magnet is indicated. However, the purpose of the above-mentioned 



invention is to offer the rare earth resin magnet excellent in multi-electrode magnetization nature as 
indicated by the epitome, and, for this reason, it has become a chief aim to reduce coercive force by powder 
mixing. Therefore, the magnetic properties indicated by the example do not exceed the magnetic 
properties of above-mentioned MQI-BlO, either. Although the demand of the economical magnet which is 
high magnetism increasingly in recent years is increasing like the above, the actual condition is that the 
magnet it may fully be satisfied with both sides of the engine performance and economical efficiency of 
the magnet is not yet proposed. 
[0006] 

[Problem(s) to be Solved by the Invention] This invention makes it a technical problem to offer 
economically the bond magnet which has Br higher than present MQI-BlO, has iHc of extent which does 
not spoil square shape nature in view of the above-mentioned actual condition, and has (BH) max higher 
than MQI-BlO as a result. 
[0007] 

[Means for Solving the Problem] Generally the theoretical energy product of a permanent magnet is (BH) 
max=0.25xBr2. It is expressed. Therefore, in order to obtain the bond magnet which has a high energy 
product rather than MQI-B10, it becomes indispensable to use the magnetic powder which has higher Br. 
In this case, iHc can use the magnetic powder which has iHc lower than the above-mentioned MQP-B 
magnetic powder as long as this condition is satisfied, since square shape nature is not spoiled, therefore 
an energy product is not made to fall if iHc>0.5xBr is satisfied theoretically. 

[0008] As one of such the magnetic powder, there is an exchange spring magnet recent years especially 
with prosperous researches and developments. An exchange spring magnet has high possibility of a 
magnetic spring phenomenon being shown, and the description being having the amount of low rare earth 
elements, and the high residual magnetic flux density Br, and becoming the magnet excellent in cost 
performance by the exchange interaction of iron or an iron compound, and a Nd2 Fel4B mold tetragonal 
compound. 

[0009] That is, since the rare earth-iron-boron system exchange spring magnet alloy of under 10 atom % 
can reduce the amount of rare earth with it compared with the rare earth-iron-boron system magnet alloy 
of 11 - 15 atom % with the amounts of rare earth near stoichiometric composition, such as Nd, like "MQP" 
(trade name) of marketing which for example, the U.S. GM company developed, the amounts of rare earth 
elements, such as Nd, have the description of being economical. [ high and BOTENSHARU on magnetic 
properties, and ] [ expensive ] 

[0010] There is a system in which these amounts of rare earth elements, such as Nd, contain the system 
which contains above alphaFe and bccFe in the rare earth-iron-boron system exchange spring magnet 
alloy of under 10 atom % as a soft magnetism phase, and Fe3 B and Fe2 B. although the residual 
magnetic flux density Br of the former is generally as high as 10*13kG according to the scientific 
reference etc. - coercive force iHc ■- at most - 3.5kOe(s) Are as low as the following. The latter Generally 
coercive force iHc is 3.5-7.7kOe. Although the residual magnetic flux density Br was high compared with 
above-mentioned MQP-B (Br=8.2) since a residual magnetic flux density Br was below lOkG extent, 
although it is comparatively high, compared with the former alphaFe subject system, it was low. 
[0011] So, in this invention, (B) was mixed with two kinds of magnetic powder (A), and it hit on an idea of 
improving the magnetic properties of a bond magnet using this. It has higher Br as one magnetic powder, 
and alphaFe-NdFeB system exchange spring magnet powder (B) with which a residual amorphous phase 



exists below 10 area % is chosen. Namely, as another magnetic powder iHc is 7kOe(s), although a rare 
earth content is rich in economical efficiency few from the above-mentioned MQP-B magnetic powder and 
Br is low as compared with magnetic powder (B). As a result of choosing the above and known high 
magnetic powder (A) and experimenting in many things, as magnetic properties of a bond magnet 
Br>=8kG, iHc>=5kOe, and (BH) max>=HMGOe are realized. That is, it came to complete a header and 
this invention for the ability of iHc to offer the magnet which was excellent in Br and (BH) max although 
it was low, and was excellent in economical efficiency as compared with above-mentioned bond magnet 
MQI-B10. 

[0012] Namely, this invention makes a main constituent the following magnetic powder (A), mixed 
magnetic powder with CB), and the resin for association, a residual magnetic flux density Br is 8 or more 
kGs, and coercive force iHc is 5kOe(s). The rare earth bond magnet characterized by energy product (BH) 
max having the magnetic properties of 11 or more MGOes is made into the contents above. (A) It is a rare 
earth system magnet ingredient including a Nd2 Fel4B mold crystal. The content of rare earth elements 
is 8-llat.%, and coercive force iHc is 7kOe(s). Coercive force iHc below 8at(s).% by the pulverized powder 
of the above quenching thin band by 3.5-6. OkOe [ mean particle diameter ] [ the content of magnetic 
powder 100 micrometers or more and (B) rare earth elements ] A residual magnetic flux density Br is the 
pulverized powder of the exchange spring magnet thin band which consists of a software magnetism 
phase controlled by 10-lOOnm, a hard magnetism phase, and an amorphous phase below 10 area %, and 
the diameter of crystal grain of 10 or more kGs is magnetic powder with a mean particle diameter of 50 
micrometers or less. 

[0013] As magnetic powder (B) used for this invention, it is previously developed by this invention persons 
and the thing of patent pending (Japanese Patent Application No. 8-226021) is suitable. Specifically 
formula RXFel00-x-y-z-w Coy MZ Bw [ - however, R A kind of the rare earth elements chosen from Nd, 
Pr, Dy, Tb, and Ce or two sorts or more, and M A kind of the element chosen from Ti, V, Cr, Zr, Nb, Mo, Hf, 
Ta, W, Mn, Cu, Ga, Zn, In, Sn, Bi, Ag, and Si or two sorts or more, x, and y, z and w respectively - an 
atomic ratio - 5 <=xl0, 1.0<=y<=9.0, 0.1<=z<=5, and 2<=w<=7 - and It has the presentation expressed 
with 9<= (x+w) and 5<(y+z)]. alphaFe, bccFe and these, the soft magnetism crystal phase containing the 
solid solution with Above M, and Nd2 Fe 14B1 As the hard magnetism crystal phase which consists of a 
mold tetragonal-system crystal, respectively It has the alloy organization which deposits in a soft 
magnetism amorphous phase, and said soft magnetism amorphous phase is below 10 area % to all alloy 
organizations. The remainder is said soft magnetism crystal phase and said hard magnetism crystal 
phase, and said soft magnetism crystal phase is the rare earth-iron-boron system magnet alloy 
characterized by being at least 50 area % and the remainder being said hard magnetism crystal phase to 
all the crystalline structures, the magnetic powder which is used for this invention according to the 
above-mentioned technique (B), i.e., the content of rare earth elements, ■- below 8at(s).% and coercive 
force iHc - 3.5-6.0kOe Magnetic powder with a mean particle diameter of 50 micrometers or less can be 
easily prepared by the pulverized powder of the exchange spring magnet thin band with which a residual 
magnetic flux density Br consists of a software magnetism phase by which the diameter of crystal grain of 
10 or more kGs was controlled by 10-100nm, a hard magnetism phase, and an amorphous phase below 10 
area %. 

. [0014] Although high Br of 10 or more kGs which are the requirements for the magnetic powder OB) of this 
invention will become difficult to get and especially a minimum will not be restricted on the other hand 



since the content of iron-group falls relatively if the content of the rare earth elements of magnetic 
powder (B) exceeds 8at(s).%, they are 3.5kOe(s) about iHc. In order to maintain above, as for 
rare-earth-elements content, it is desirable that it is more than 5at(s).%. Moreover, coercive force iHc is 
3.5kOe(s). In the following, the degree of the -like proportionaUy fall of iHc becomes large, and cannot 
attain (BH) max>=llMGOe as a result rather than the rise effectiveness of Br by mixed magnetic powder, 
but, on the other hand, it is 6.0kOe. If it exceeds, generally Br will fall more often relatively and high Br 
of 10 or more kGs which are the requirements for magnetic powder OB) will become difficult to get. They 
are 5.5kOe(s) preferably. Furthermore, although the residual magnetic flux density Br of Br is too small 
in less than 10 kGs, the bond magnet of the high performance made into the purpose of this invention is 
not obtained as a result and especially an upper limit is not restricted on the other hand, they are 
3.5kOe(s) about iHc. If balance called the above is taken into consideration, usually it will be set to 15 or 
less kGs. The diameter of crystal grain of magnetic powder OB) of alphaFe or an iron compound which the 
alloy organization has nario composite structure, and the magnitude of a Nd2 Fel4B mold crystal which " 
is a hard magnetism phase is 10-100nm, and is a software magnetism phase is also 10-100nm. Generally 
in less than lOnm, the superparamagnetism-behavior of these diameters of crystal grain increases, they 
cause the fall of Br, and on the other hand, if lOOnm is exceeded, the fall of coercive force will become 
remarkable. Moreover, since the amorphous phase of the remainder which occupies 10 - 1 area % 
preferably encloses these crystal phases below 10 area %, an alloy is ground, for example, magnetic 
properties are not degraded remarkably as fine particles with a mean particle diameter of 50 micrometers 
or less. If the amorphous phase of the remainder exceeds 10 area %, the magnetic exchange interaction of 
a soft magnetism crystal phase and a hard magnetism crystal phase will be weakened, and point of 
inflection will be brought about on a fall and demagnetization curve of coercive force. Moreover, when it 
comes to under 1 area %, there is an inclination which becomes easy to receive distortion and causes the 
sharp fall of coercive force iHc at the time of grinding used as magnetic powder. Furthermore, iHc is 
3.5kOe(s), although high Br of 10 or more kGs will become difficult to get and especially an upper limit 
will not be restricted on the other hand, if a soft magnetism crystal phase becomes under 50 area % to all 
the crystalline structures. In order to become the above, since a hard magnetism crystal phase is required 
for more than 10 area %, if a total is carried out, 80 area % will become a general upper limit. 
[0015] The magnetic powder (A) used for this invention 8-llat.% Contains rare earth elements, and iHc is 
7kOe(s). It consists of the above known magnet ingredient, and is manufactured mainly by the melt 
quenching method and heat treatment (when the optimal quenching is given, a heat treatment process 
may be able to be skipped). About the alloy presentation of magnetic powder (A), it is not necessary to 
prepare especially other limitation in this invention that what is necessary is just to limit the amount of 
rare earth elements from a viewpoint of economical efficiency. Especially the presentation by the side of 
transition metals may contain effective various alloying elements so that it may next illustrate. 
[0016] For example, various alloys are indicated by JP,64-703,A, for example, it is NdllFe79Nb2 Ta2 B6. 
The magnetic properties of the quenching ribbon of a presentation are indicated to be Br=8.3kG, 
iHc=14.9kOe, and (BH) max=14.0MGOe (the 1st table, No24). Moreover, in JP,64-7502,A, it is Nd8 
Fe70Col0Zr3 Ti one B8. The magnetic properties of an alloy ribbon are indicated to be Br=8.6kG, 
iHc=ll.lkOe, and (BH) max=15.2MGOe (the 2nd table, No5). 

[0017] Furthermore, various alloys are indicated by JP,4-47024,B, for example, it is NdllFe72Co 
8V1.5B7.5. It is indicated that the alloy of a presentation has the magnetic properties of Br=9.7kG, 



iHc=12.9kOe, and (BH) max=20.lMGOe with a quenching thin band (the 1st table, No4). These alloys can 
be used as magnetic powder (A) in this invention. 

[0018] Here, the reason which limited the rare earth-elements content of magnetic powder (A) to 8 - 
llat.% is that iHc can obtain the magnetic powder which excelled [ max / (BH) ] the larger top in the 
sufficiently high top also at magnetization nature as indicated by not only the economical reason for 
lessening the amount of the expensive rare earth elements used but the above -mentioned specification 
compared with the above-mentioned MQP-B magnetic powder. Furthermore, they are 7kOe(s) about iHc. 
For the reason considered as the above, generally, the coercive force of magnetic powder (B) is 6kOe(s) low. 
Since extent is an upper limit, it is for securing sufficient coercive force for extent which does not spoil the 
square shape nature of the demagnetization curve of a bond magnet according to the magnetic powder 
mixing effectiveness. Especially the upper limits of iHc are 17kOe(s) if the magnetization nature of a bond 
magnet is taken into consideration, although not restricted. The following is desirable. 
[0019] Although magnetic powder (A) is generally called mixed phase of a Nd2 Fel4B mold crystal single 
phase or this main phase, and a minute amount grain boundary phase, the diameter of crystal grain is 
several lOnm size. However, since these alloys tend to be influenced of distortion by grinding and coercive 
force will decline gradually if grinding grain size is lowered, 100-micrometer order is practically made 
into the limitation of grinding fine-particles particle size. 
[0020] 

[Function] This invention adjusts magnetic powder (B) to the mean particle diameter of 50 micrometers 
or less, and adjusts magnetic powder (A) to the mean particle diameter of 100 micrometers or more. (A) 
The place which produced the resin bond magnet with compression molding using the mixed magnetic 
powder which set up the mixed ratio of pair (B) between 1 to 9 and 9 to 1 by the weight ratio, The vena 
contracta does not have a magnetic demagnetization curve mostly, namely, the knowledge of becoming a 
smooth curve without the point of inflection which was conspicuous on the demagnetization curve is 
carried out, and this smooth demagnetization curve realizes the bond magnet excellent in the magnetic 
energy product. 

[0021] It is [ Sm2 Col7 system magnetic powder (particle-size size) and ] Sm2 Fel7N3 by Kitazawa and 
others to the Magnetics Society of Japan and 20,221*224 (1996) as an example which mixes and presses 
the magnetic powder with which particle size distribution differs, and acquires a good property for an 
anisotropy bond magnet. Mixed combination with system magnetic powder (particle -size smallness) is 
reported. According to this report, the smooth demagnetization curve which does not have the vena 
contracta mostly over the mixed ratio whole region has been obtained, and what the static magnetism 
magnetic interaction committed between magnetic powder as a cause is considered. Moreover, in order 
that the rate of a volume ratio of all the magnetic powder that originates in the difference of particle size 
distribution by the way, and is occupied in a bond magnet of a certain mixing ratio may increase, it is also 
reported that the good high magnetic properties of BrOBH) max are realized. 

[0022] Therefore, also in the isotropic bond magnet using Nd system alloy of this invention, it is imagined 
as that from which the magnetic interaction between magnetic powder worked [ experimental result ], 
and the smooth demagnetization curve was obtained. Furthermore, although it was dependent on the 
particle size of two kinds of magnetic powder, as shown in the following examples, by the way, the rate of 
a volume ratio of all magnetic powder (filling factor of magnetic powder) has the maximal value, and the 
thing of a certain mixed ratio which the magnetic properties of an isotropic bond magnet especially Br, 



and (BH) max improve rather than the value of an arithmetic average was also checked. 
[0023] 

[Embodiment of the Invention] The powder of the exchange spring magnet in which this invention 
persons did patent application previously is suitable for magnetic powder (B). Generally After producing 
the alloy of the purpose presentation with a solution process and changing into an amorphous condition 
with a melt quenching method etc., by heat-treating It is the powder which a hard magnetism crystal 
phase and a soft magnetism crystal phase are deposited in moderate magnitude from a soft magnetism „ 
amorphous phase, changes into the condition that these three phases lived together, as the result, grinds 
this, and is obtained. In addition, the sequence of heat treatment and grinding may get mixed up. 
[0024] For magnetic powder (A), although it is good with the powder of a known quenching thin band alloy, 
the content of rare earth elements is 811at.% in the aforementioned reason, and coercive force iHc is 
7kOe(s). It is necessary to have the above conditions. Generally, the alloy of the purpose presentation is 
produced with a solution process, and after this powder also changes into an amorphous condition with a 
melt quenching method etc., it is obtained by heat-treating and grinding. Also in this case, the sequence 
of heat treatment and grinding may get mixed up. However, generally as for this alloy, the limit on the 
presentation of the range of rare earth content etc. consists of a mixed phase of a single phase or the main 
phase, and a minute amount grain boundary phase with the main factor, and the configuration phase 
with fundamental soft magnetism crystal phase or soft magnetism amorphous phase has not become like 
the above-mentioned magnetic powder (B). However, it cannot be overemphasized that, as for existence of 
a minute amount, the two latter phases are allowed very much as a grain boundary phase or an impurity 
phase. 

[0025] Mixed magnetic powder (A+B) needs to raise the pack density of the magnetic powder in a bond 
magnet by setting up more greatly than the particle size of magnetic powder (B) the fine-particles particle 
size of magnetic powder (A), and mixing. If an average value sets the fine-particles particle size of 
magnetic powder (A) as 100 micrometers or more, a high property bond magnet will be obtained. It is 
100-200 micrometers more suitably. The mean particle diameter of magnetic powder OB) is set as 50 
micrometers or less. It is 20 50 micrometers more suitably. Grinding and mixing of these magnetic 
powder can be performed by general technique. For example, they are grinding by the ball mill or the 
attritor mill, classification by the vibrating screen, and stirring mixing by the ribbon blender or the 
planetary blender. Magnetic powder (A) and the mixed ratio of (B) are set up so that highest energy 
product (BH) max may be obtained. Since the optimal numeric value is changed with the magnetic 
properties and mean particle diameter which both magnetic powder has, it is necessary to grasp this ratio 
well by experiment beforehand. Next, the resin for association (binder polymer) etc. can be added before 
the above-mentioned stirring mixing or to the back, and compounding for considering as the charge of 
shaping material can be performed. 

[0026] As resin for association, when producing a compression-molding magnet, the thermosetting resin 
of an epoxy system or a phenol system is common, and when producing an injection-molding magnet, the 
thermoplastics of a polyamide (nylon) system, a polyphenylene sulfide (PPS) system, or a liquid crystal 
resin system is common. Furthermore, if extrusion molding and calender roll shaping also choose a 
suitable binder, it can carry out. As for the rare earth bond magnet of this invention, it is desirable to 
manufacture with compression molding especially in that can demonstrate more efficiently the 
effectiveness indicated to the aforementioned operation, and high magnetic properties can be acquired. 



[0027] Hereafter, a compression-molding magnet is explained to a detail as a subject, the purpose which 
makes shaping easy or fully pulls out magnetic properties in the compound for compression molding - the 
need everything but a binder polymer -- the additive of common knowledge, such as a plasticizer, 
lubricant, and a coupling agent, little ****** - things are made. 

[0028] Compression molding can be performed by the approach of producing the isotropic conventional 
bond magnet. That is, although it can manufacture using a commercial press-forming machine, since 
pack density goes up and the direction set up as much as possible more highly industrially brings about a 
raise in Br of an isotropic bond magnet, as a result (Quantity BH) max-ization, especially the press 
pressure is advantageous. 

[0029] Resin hardening of the magnet by which compression molding was carried out is carried out by the 
following heat treatment process, and, subsequently, usually, it is magnetized. However, it may be 
magnetized after a case unites with components besides after resin hardening. In any case, being 
magnetized by pulse current is common. Generally the magnetic properties of the produced bond magnet 
are measured by the B-H curve tracer. An irreversible loss ratio required for magnetic stability evaluation 
etc. is measured with a fluxmeter. 

[0030] Next, an example is given and explained about the typical embodiment of this invention. As 
magnetic powder (A) which is high coercive force magnetic powder, it is NdllFe72Co 8V1.5B7.5. After 
choosing the presentation and producing the quenching thin band, 650 degrees C and heat treatment for 
5 minutes were performed and ground, and powder was produced. The magnetic properties of the ribbon 
before grinding of this alloy were Br=9.7kG, iHc=12.9kOe, and (BH) max=20.lMGOe. On the other hand, 
it is Nd7.5 Fe83Co4.5 Nbl B4 as magnetic powder (B) which is the powder of an exchange spring magnet. 
The alloy of a presentation was chosen. After making this alloy amorphous with a melt quenching method, 
740 degrees C and heat treatment for 3 minutes were performed. The diameter of crystal grain was 
[ about 8 area % and the soft magnetism crystal phase of 10-50nm and a soft magnetism amorphous 
phase ] about 60 area %s. The magnetic properties of the ribbon before grinding of this alloy were 
Br=11.9kG, iHc=4.8kOe, and (BH) max=18.8MGOe. 

[0031] Magnetic powder (B) was brandished on the fine -particles grain size of 10 micrometers or more, 
and 70 micrometers or less (mean particle diameter of 50 micrometers), a screen and magnetic powder (A) 
were brandished on the fine-particles grain size of 100 micrometers or more, and 200 micrometers or less 
(mean particle diameter of 150 micrometers), and grain refining was carried out. Next, magnetic powder 
(A) and magnetic powder (B) were often mixed, and it set up so that the weight ratio of the magnetic 
powder (B) occupied in the whole amount of magnetic powder might become 0, 10, 20, 30, 40, 50, 60, 70, 
and 80 or 90, 100% . Next, about 2 % of the weight of epoxy resins is used as a binder, and it is 7 t/cm2. The 
pressure was put, the compression-molding bond magnet was produced, and the magnetic properties of a 
room temperature were measured by BH curve tracer. The filling factor of magnetic powder was 
computed from the volume and consistency of a bond magnet. In addition, the magnetic properties of the 
compression-molding bond magnet of (magnetic powder A) independent use [(magnetic powder B)-0%] 
were Br=7.7kG, iHc=12.5kOe, and (BH) max=12.2MGOe. Moreover, the magnetic properties of the 
compression-molding bond magnet of (magnetic powder B) independent use [(magnetic powder B):100%] 
were Br=9.2kG, iHc=4.5kOe, and (BH) max==ll.lMGOe. 

[0032] A demagnetization curve in case the mixed ratio of magnetic powder (A) and magnetic powder (B) 
is 50% each is shown in drawing 1 . If fine-particles grain size is appropriately adjusted even when the 



magnetic powder with which magnetic properties differ is mixed from this drawing 1 , it turns out that a 
comparatively smooth curve without the point of inflection which was conspicuous on the 
demagnetization curve is obtained, and the magnetic interaction is working between different* species 
magnetic powder also in this invention. Such a demagnetization curve that does not have point of 
inflection mostly was obtained in the bond magnet of the mixed ratio of all above. 

[0033] next, drawing 2 - each - the magnetic properties and the magnetic powder filling factor of a bond 
magnet which used the magnetic powder of a mixing ratio are shown. Drawing 2 shows that, as for a 
filling factor, magnetic powder (B) takes the maximal value near 20%. Although a residual magnetic flux 
density Br becomes larger than the average similarly in connection with this, since Br of magnetic 
powder (B) is larger than Br of magnetic powder (A), from 50% or more, it goes up little by little. Coercive 
force iHc showed the inclination to follow an average straight line mostly. As a result, magnetic powder 
(B) shows the fall with about 70 loose%, without maximum energy product (BH) max's being influenced 
by change of Br, and falling rapidly also after that, although magnetic powder (B) takes the maximal 
value near 20%. Therefore, Br made into the purpose of this invention is 8 or more kGs, and iHc is 
5kOe(s). In the case of this embodiment, the mixed ratio of the magnetic powder CB) with which (BH) max 
is satisfied of 11 or more MGOes serves as 10 - 90% of range above. Moreover, the highest energy products 
were 13.0MGOe(s) near 20%. 
[0034] 

[Example] Next, although an example and the , example of a comparison are given and being further 
explained to a detail, these do not restrict the range of this invention at all. 

As magnetic powder (A) which is example 1 quantity coercive force magnetic powder, it is Nd8.5 
Fe70Col0Zr3 Ti 0.5B8. The presentation alloy was chosen and the quenching thin band was produced. 
The magnetic properties after heat treatment of this thin band were Br=8.6kG, iHc=ll.lkOe, and (BH) 
max=15.2MGOe. As magnetic powder (B) which is the powder of one exchange spring magnet, it is 
Nd6Prl Fe83.5Co4 Til Ga0.5 B4. The alloy of a presentation was chosen. The magnetic properties after 
heat treatment of the thin band ribbon of this alloy were Br=11.6kG, iHc=4.7kOe, and (BH) 
max=18.6MGOe. Moreover, the diameter of crystal grain was [ about 9 area % and the soft magnetism 
crystal phase of 20-60nm and a soft magnetism amorphous phase ] about 65 area %s. 
[0035] The fine-particles grain size of magnetic powder (B) was used on 50 micrometers or less (mean 
particle diameter of 35 micrometers), the fine-particles grain size of a screen and magnetic powder (A) 
was used on 100 micrometers or more and 250 micrometers or less (mean particle diameter of 175 
micrometers), and grain refining was carried out. After that, the bond magnet by mixed magnetic powder 
was produced like the mode of said operation, and magnetic properties etc. were measured. In addition, 
the magnetic properties of the compression-molding bond magnet of (magnetic powder A) independent 
use were Br=6.7kG, iHc=10.7kOe, and (BH) max=9.3MGOe. Moreover, the magnetic properties of the 
compression-molding bond magnet which carried out independent use of the magnetic powder (B) were 
Br=9.0kG, iHc=4.5kOe, and (BH) max=10.8MGOe. 

[0036] drawing 3 -* each -- the magnetic properties and the magnetic powder filling factor of a bond 
magnet which used the magnetic powder of a mixing ratio are shown. Drawing 3 shows that, as for a 
filling factor, magnetic powder (B) takes the maximal value near 30%. Therefore, Br made into the 
purpose of this invention is 8 or more kGs, and iHc is 5kOe(s). In the case of this example, the mixed ratio 
of the magnetic powder (B) with which (BH) max is satisfied of 11 or more MGOes serves as 20 - 40% of 



range above. Moreover, the highest energy products were 12.0MGOe(s) near 30%. 

[0037] As magnetic powder by the side of example 2 quantity coercive force (A), it is Nd9 Dy0.5 
Fe70.5Col0nickell Nb3 B6. The presentation was chosen and the quenching thin band was produced. 
The magnetic properties after heat treatment of this thin band were Br=8.4kG, iHc=12.9kOe, and (BH) 
max=14.7MGOe. This thin band was ground and a screen and the powder which carried out grain 
refining were produced for fine -particles grain size to 100 micrometers or more and 300 micrometers or 
less (mean particle diameter of 200 micrometers). The magnetic properties of the compression-molding 
bond magnet of use of only magnetic powder (A) were Br=6.5kG, iHc=12.4kOe, and (BH) max=9.0MGOe. 
As a presentation of one exchange spring magnet, it is Nd8 Fe78Co7 V2 B5. The presentation was chosen 
and the quenching thin band was produced. The magnetic properties after heat treatment of this thin 
band were Br=12.1kG, iHc=5.0kOe, and (BH) max=19.7MGOe. Moreover, the diameter of crystal grain of 
a thin band was [ about 7.5 area % and the soft magnetism crystal phase of 10-40nm and a soft 
magnetism amorphous phase ] about 60 area %s. This thin band was ground and a screen and magnetic 
powder (B) were produced for fine-particles grain size to 40 micrometers or less (mean particle diameter 
of 30 micrometers). The magnetic properties of the compression-molding bond magnet of use of only 
magnetic powder (B) were Br=9.3kG, iHc=4.6kOe, and (BH) max=11.5MGOe. The mixing ratio of 
magnetic powder was changed, the bond magnet was produced by the same approach as the above, and 
the magnetic properties and magnetic powder filling factor were measured. The result is shown in 
drawing 4 . This drawing 4 shows that, as for a filling factor, magnetic powder (B) takes the maximal 
value near 40%. Moreover, Br made into the purpose of this invention is 8 or more kGs, and iHc is 5kOe(s). 
In the case of this example, the mixed ratio of the magnetic powder (B) with which (BH) max is satisfied 
of 11 or more MGOes serves as 30 - 70% of range above. Furthermore, the highest energy products were 
12.3MGOe(s) near 40%. 

[0038] Although it was the combination of the same magnetic powder as example of comparison 1 
example 1, the bond magnet was produced like the example 1, having set up both the same level (A), i.e., 
magnetic powder, and (B) for fine-particles grain size among 50-150 micrometers, and having used the 
mean diameter as 100 micrometers, and magnetic properties etc. were measured. In this case, the 
greatest KUNIKKU was produced, and although the magnitude of KUNIKKU decreased also in 90%, it 
accepted for whether being **, so that the point of inflection (KUNIKKU) which was already conspicuous 
might begin to have arisen from the demagnetization curve of 10% of mixed ratios of magnetic powder (B) 
and it might illustrate to drawing 5 in 50%. Moreover, the filling factor was not concerned with the mixed 
ratio, but was almost as fixed as 79% order, and iHc showed an average change to which Br is also 
proportional to a mixed ratio, though it was natural. In this case, the value of (BH) max does not have the 
semantics of calculation by existence of KUNIKKU, and cannot present practical use with a bond magnet 
easily. 

[0039] The magnetic powder (B) and (exchange spring magnet magnetic powder) of example of 
comparison 2 example 1 are changed into what does not have a residual amorphous phase. Magnetic 
powder (B) Nd4 Dyl Fe72.5Co3 Gal B 18. 5 namely, as a Fe3 B-Nd2 Fel4B die change spring magnet of 
the type which does not have the residual amorphous phase of the becoming presentation When the 
magnetic properties of a heat treated quenching thin band were measured, they were Br=11.9kG, 
iHc=5.0kOe, and (BH) max=17.8MGOe. Magnetic powder (A) was chosen like the example 1, carried out 
grain refining of the magnetic powder (A) among 100 250 micrometers (mean particle diameter of 175 



micrometers), and adjusted magnetic powder (B) to 50 micrometers or less (mean particle diameter of 40 
micrometers). It is iHc=1.7kOe, although it was Br=9.2kG when magnetic powder (B) produced the bond 
magnet of 100% of single presentation. As compared with the value of a quenching thin band, it fell 
sharply, and became (BH) max=4.2MGOe and a low value. On the other hand, the bond magnet of the 
single presentation at the time of carrying out grain refining of the grain size of magnetic powder (B) 
among 100-250 micrometers (175 micrometers of mean diameters) Since it has the magnetic properties 
which were excellent in Br=9.3kG, iHc=4.8kOe, and (BH) max=10.1MGOe Magnetic properties are 
considered to fall greatly in order to receive the effect of grinding distortion greatly, if grinding grain size 
becomes small, since magnetic powder (B) does not have a residual amorphous phase. The bond magnet 
by mixed magnetic powder with magnetic powder (A) is produced by the same approach as an example 1 
using magnetic powder (B) with a mean particle diameter of 40 micrometers. When the magnetic 
properties etc. are measured, as shown in drawing 6 , although the ratio of magnetic powder (B) was seen, 
the improvement in Br on near 30%, and accompanying the improvement beyond the average of a filling 
factor, and it Since the fall of iHc was large, the value of (BH) max in this point does not exceed an 
average-straight line, and was a low value of 7.7MGOe and this invention out of range. 
[0040] Although a residual amorphous phase has the magnetic powder (B) and a (exchange spring 
magnet) of example of comparison 3 example 2 iHc is 3.5kOe(s). It changes into the thing of the following, 
namely, is magnetic powder (B) Nd7 Fe85Co4 B4 As an alphaFe-Nd2 Fel4B die change spring magnet 
which has the residual amorphous phase of a presentation When the magnetic properties of a heat 
treated quenching thin band were measured, they were Br=12.1kG, iHc=3.2kOe, and (BH) 
max=11.9MGOe. Moreover, the diameter of crystal grain was [ about 9.5 area % and the soft magnetism 
crystal phase of 10"50nm and a soft magnetism amorphous phase ] about 75 area %s. Magnetic powder 
(A) was chosen like the example 2, carried out grain refining of the magnetic powder (A) among 100-250 
micrometers (mean particle diameter of 175 micrometers), and adjusted magnetic powder (B) to 50 
micrometers or less (mean particle diameter of 35 micrometers). When magnetic powder (B) produced the 
bond magnet of 100% of single presentation, they were Br=9.7kG, iHc=3.0kOe, and (BH) max=7.0MGOe. 
When the bond magnet by magnetic powder (A) and mixed magnetic powder with (B) is produced by the 
same approach as an example 2 and the magnetic properties etc. are measured, as shown in drawing 7 , 
although the ratio of magnetic powder (B) was seen, the improvement in Br on near 40%, and 
accompanying the improvement beyond the average of a filling factor, and it the fall of iHc which shows a 
mixed average change - remarkable this also in 40% of point, (BH) max was the low value of 
9.8MGOe(s) and this invention out of range. 

[0041] The magnetic powder (A) used for examples 1 and 2 and the examples 1-3 of a comparison and the 
property of (B) are shown in Table 1. In addition, the example shown as the above mentioned embodiment 
is also shown collectively. 
[0042] 
[Table 1] 
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[0043] 

[Effect of the Invention] Although rare earth elements are a low content by the compound effectiveness 
according [ this invention ] to the combination of specific magnetic powder an above-stated passage, Br is 
8 or more kGs and iHc is 5kOe(s). (BH) max offers economically above the high performance Nd system 
bond magnet with which are satisfied of 11 or more MGOes cheaply. 



[Translation done.] 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** ^ows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing ll It is the demagnetization curve of the rare earth bond magnet in (magnetic powder A) / (B) 
=50/50 in an embodiment. 

fDrawing 21 It is the graph which shows the magnetic properties and the magnetic powder filling factor of 
a rare earth bond magnet in an embodiment. 

fDrawing 31 It is the graph which shows the magnetic properties and the magnetic powder filling factor of 
a rare earth bond magnet in a,n example 1. 

[Drawing 4l It is the graph which shows the magnetic properties and the magnetic powder filling factor of 
a rare earth bond magnet in an example 2. 

[Drawing 51 It is the demagnetization polar- line of the rare earth bond magnet in (magnetic powder A) / 
(B) =50/50 in the example 1 of a comparison. 

[Drawing 6l It is the graph which shows the magnetic properties and the magnetic powder filling factor of 
a rare earth bond magnet in the example 2 of a comparison. 

[Drawing 71 It is the graph which shows the magnetic properties and the magnetic powder filling factor of 
a rare earth bond magnet in the example 3 of a comparison. 



[Translation done.] 
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5 0/tm£TF©8H*t LTt>, »L<W«»ttt*fl:* 
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fiMMcXfrSlt*-*^ 4 9 > ffSfcft i H c ©*itHg;T£r 

150 ffi®%*« iftSfclO kG£A±©K B r < 
--ft. iRttfclOMRSih.fcV^ iHcd53. 
5k0e K±ift5fcftfctta«ttfe*ft#l Offi«%« 
±fi#JMefcft. HSI-TSi: 8 Offi«%#-«!«)4±» 

[0 0 15] *&9Hzm^bfi5Gm (A) (4, *±« 

jc^Sr 8 ~ 1 1 at. i H c # 7 kOe £(±©gB-P© 

5) K:J;o-C»3t$^*. (A) O-fr&ttjfticH L 

[0 0 16] W*.tf, i^MBS6 4- 7 0 3#fc«\ 
©^&#Bfl^$ivC*StK 0ilx.fi, NdnFe7 9 Nb 2 
Ta 2 Be ©IME©ft?&y*>'0»SM«ftr±» Br = 
8. 3kG, i He = 1 4. 9k0e , (BH) ma x = 1 

4. 0MG0ei:iE*fe$*VC^3 (Jgl*-No2 4) „ * 
ft. mmm6 4- 7 5 O 2 Nd 8 Fe 7 oCo 10 
Z r 3 Tii B 8 ©^&y ^©fl^Mfrtta 5 , B r = 

8 . 6 kG, i H c = 1 1 . 1 kOe , ( B H) m a x = 1 

5. 2MG0e£:IBR£;h/O v 5 (fS2*-No5) 0 

[0 0 17] Kfc, #<k^4-4 7 0 2 4 ■§■[;! t>31* © 
-&^*SW*$iX-C*S!Js 0flx.fi, Nd 11 Fe 72 Co 8 V 
1.5 B7.5 COB.f&V>-&&te. Iftf§7?Br = 9. 7k 
G, iHc=12. 9k0e , (BH)max = 20. 1M 
G0e©««#tt«r<rr<5ilE*l**trt^5 (SfS 1 St • No 
4) . r^fe©*^»±*»Wfc*J»taa«& (A) tux 

[0018] B&*& ( A) , ©*±«5c*-&*r*Sr 

8~1 lat.XtPfi5tU7ta*f±» ±1EMQ P - BB£*&ti 

tt*ttfc«*©*ft5>i\ ±lB©^&B*KIB*£<aT^ 
5rt<> iHcWftV^I: (BH) maxtxt!) 

fct?fcSo i H c £ 7kOe &L±b LfcSilfi, 

(B) -RWfctteitQe SAas±» 

©fcft, fltftS-fraJMcl: 9 #v Ka5<DM«8ttilS©A 

©♦B&ttfc^it-rs t 1 7k0e eiT*#*uv\ 

[00 19] (A) IS, -RttfclN d 2 F e 14B® 

*>*bTV^«iS, ttfi«E«»±*l 0nm*-C4>3. U&»U 

^ffl±f*i 0 0 l i.mmm*®m&w*mwmbz*ix 



(4) 

[0020] 

[fWBl #*Wtt» B£*& (B) ^Si5 0„m«T 
KNflEU ttf& (A) SrTOKtfll 0 0 /.mJsJLtfcMBE 
U (A) M (B) ©a-&Jt*Sr«*JtTl»9*»b9 

»#>'KaPff*rfls|lL*:2:r5, 8£5©MBSlfei£iasi3cl3f 

©4^;*A-X4&j&i&5::i£*PjLU *LT, r. 
10 A-XtKBiMSlfc J: 9 , atfta^^— Wcfftk^ 

[00 2 1] «^^#OH4«ttl»S:ftfrU£EMU£«U 

*JE&ffla^^te, 2_0_, 221-224 (1996) 
fc, ttiRfcfcJ: 9 Sm 2 Coi7*«» (*£S*) i, S 
m 2 Fei 7 N 3 OfiS'h) 

(513: < CNxOfeVtXA— X&mttH*#T:|S!K J^H 

#*©HKieBbT, tf^KaPBtfc^ft 
Wtb^*S±iJS5fcft, Br (BH) ma x©iSV&$ffc 

[00 2 2] LfcA5ot, *^©Ndi^SrfflV^fc 
30 L> f*tt#VK150»»|«t 4 tCBrt (BH) 

max &mm¥-i%<Dm.£ v hfa-t-Fz, z. t tjftig^tv 

[0 0 2 3] 

imm<D9&&<oMffl mm (b) r±, *»w#feas5tt 

[0024]» (A) Ht % KftlOft]MPV^0!>l»3tc 
-Ci^*S, BtifB©SST*^±«7c^<D^W^ s 8~l 1 
at.«-C. ^m^7 i H c a* 7k0e £i±©*#Sr*i-5^S 

*>> »»aL»«M-*ri:»!:±9#e>ft«. r©«-& 
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frbttvxtso* ±iz<omn (b) <D?k<. &m&i& 

&#l*?&m&#£k Jtts fi£#«ft18/&tti i lift o tv 

[0025] m&m® (a+b) tt. m» (a) ©»» 
(b) otmxv h±z <&fe^xm&i-* 

SASfc5o Btt» (A) ©tWMtt&tt, ¥i«lffidSl00M 

£fjg£tt, 100~200^mffe5. fl8t& (B) 

5 0 m mEATK^JTrS. «fc 9 frollcfi, 2 
0~5 0 M mT'fc5„ £ixfett»©|IM*£»frr±— 

So B£& (A) b (B) ftfeftvvMi,* 
3r-m (BH) ma xjjs#6>*b<5 J: 5fcR)£i-3. :© 

fcfctt-frJIHMB {'Ulstf—K !W~) *Srf**PU fife 

[00 2 6] fe&AWJBJ: LTfi, 

iS-jRWCfc 9 , Jtffiria»»5*ff»-f-5»frtt:» #y 
75 K (Nay) Tf^jy^-u^/vyr^ Y 
( P p s ) *-*>ttAttJB* ©iWlttiJil^-JSWt'fc 

[0 0 2 7] WT, ffiKj5Wia85*±#i: LTf£»£lft 

[00 2 8] ffi^^tt, KWEfcff 

#^£#±#0, »*ttii?^Ki50*B fits IH»T 
itM (BH) ma x-fkSrtfcfei-^-e^J'efcSo 
[0 0 2 9] ffittjj0^$ixfc«5t±» ^co^sistc: 

fl:*Kfcot>k:*«**t5r.i<>*>5. i/*-«i©»&t> 



*VKf5©IMtt(±« — JRWKH:; B-H#-:/h 

[0 0 3 0] #UC1, ;*^8©ft*Wfc3ti61»*fcol^T 

(A) ttt, NdiiFe 72 Co8 V L5 B 7 .5 *4» 

^©»»W©y#^©«ft«H4r±, Br = 9. 7kG, i 
He = 12. 9k0e ,. (BH)max = 2 0. lMGOet? 

(B) £ LT, Nd7.5 F e 83C 04. 5 Nbi B4 fc5 

fc. 0~5 0nm, WM!&.T * iV7 7 

co-a-^cD^Huo y *yOiJS»tttt, B r = 1 1 . 9 
kG, iHc = 4. 8k0e , (BH)max = 18. 8MG 

[0 0.3 1]» (B) *nmSL&l O/zmJ&Lh, 7 0 
MmJ£TF (TOfi5 0/(m) JZ^SV\ (A) £ 

10 0m mfiUb, 2 0 0 fi mUT 1 
5 0 Mm) fciSotttlgSSlfc. $m (A) 

£*» (B) Sr<t<S-&L, ^k*<D^fi^ &it>Z>W%) 

(B) <Ofi*Jt^S, 0, 10, 2 0, 30, 40, 5 

0, 60, 70, 80, 90, 1 0 0%b?£2> X bWife 

tfc. /i*3, mn (A) DMtiltt^ (B) : 0%) 

©JEJ»*»?R V K«5©»«W±f± x B r = 7 . 7kG, 
iHc=12. 5k0e , (BH)max=12. 2MG0e 
Xh^tz. 8tt» (B) (B) : 1 

00%) <osm^.mm^ vmEamsm&tis Br = 

9. 2kG, iHc=4. 5k0e , (BH)max=l 

1. lMGOe-^feofc. 

[0032] mumm (a) tm® (b) iwji-a-jt 

[0 0 3 3] H2fc«-J8^JtO«»SrttfflL.fc7K 

mmtemm ( b ) ^20 %wis-e«*ffl[*r tsri^ 

t> fc**<**a«, 5S«& (B) ©Br*»*t& (A) ©B 
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r J: V t^tv^ci*, 5 0%£i±*>?>»^>Li*o±#i- 
5. i H c tt«tf3FJ8«ieUftfc«5«Gl*:*l, 

fc 0 feft.LT> ft^-^^^-W (BH) raaxlil 
(B) P2 0%Wi6tt**ti5iS, ^ttBr 

©«fcfclM»3ixJ&*fc**>* «» (B) a* 

#31 18 ©g toil" 5.. B r #8kG£JLt, iHc^5k0e 
(BH) ma i iMG0ejy±^ffiSi-5a*& 

(B) 0&ftJt*tt. *SHWB#o»*tt 1 0~9 0% 
©i5Hi*5. *ifc, 4kX0:c**"¥— tttt. 2 0%W 
jg©l 3. OMGOe-Cfeofco 

[0 0 3 4] 

©-cf±>5ev\, 

<m&mt>m.nx*jbzmn (a) tLt« Nd 8 , 5 Fe 70 

Coi 0 Zr 3 T io.5B8 t£Z>B.f&-&&*MTf. -f:©f 

Br = 8. 6kG, iHc = ll. 1 kOe , (BH)ma 
x=15. 2MG0e-efcofc„ — jj<D&&X7 p V 
©)&*-?*> 5B£*& (B) tLT, Nd 6 Pri F e 83 . 5 
Co 4 Tii Gao,5 B 4 5 &/&©-£•&£ 31 Z 

<D-&&(DMtt y ^>-<Dm^mM<Dmn.^it. b r = 1 

1. 6kG v iHc = 4. 7k0e , (BH)max = l 
8. 6MG0e-Cfcofe 0 SfcfeftiKt^tt 2 0 ~ 6 Onm, ©J 

5 

[0 0 3 5] W|» (B) W«&fls:eSS:5 Omhi^T (¥ 
*U«7.g 3 5 M m) ttft (A) ©»#3(tflfSr 1 

0 0 u mWi, 2 5 0m mJWT < WftS 175jim) 

£WJ£Lfc. **$..»» (A) JWftittffiCJEBia^jRv 
Ke£&©»&#14ti\ Br = 6. 7 kG N i H c = 1 0. 
7k0e . (BH) ma x = 9 . 3MGOet?*)ofco 

(B) SrlWtt*fflUfcffiMljat^#^K«tB©atft» 
ttfi, Br=9. 0kG„ iHc = 4. 5k0e „ (BH) 
m a x = 1 0. 8MG0et?feo/c. 
[00 3 6] 13 fc*«-fi>Jfc©Wt»S:ttJB Lfc^ K« 

(B) &3 o%WjE-e**«[Sr*5r. t&frfrZ. 
UfciSoT, **W©B«Ji:i-SB r # 8kGJ£A±, iH 
c # 5 kOe E*±, ( B H) max^l 1 MGOe^iSrSS 
(B) ©«£-Jt*tts *»S^JcO^»i, 2 0 

~4 0%<Dmmtt£i o *fc, aiso^/V'^— a»*3 

0 %#£© 12.0 MGOe-Cfc o 7t 0 

[0037] mmm 2 ' 

*«Wtfj«©*» (A) tLX. Ndg Dy 0 .5 Fe 
70.5Coi 0 Nii Nb 3 B 6 ft 



70 

r =8. 4kG, i Hc = 1 2. 9k0e . (BH) max 

= 14. 7MG0e-Cfeofc. CI U 

£ 1 0 0 a mU±, 300)i ra«T (¥*S©^ 200(i 

(A) «^ffl©Ei«*y Ki5©l^f4(i, B 
r = 6. 5 kG x iHc = l 2. 4k0e . (BH) max 
= 9. OMGOeffcofc. — jj<D&8k*-7)) f?$£G<0& 
f&k LT, Ndg F e 78 Co 7 V 2 B 5 /<£?>iifij&&jl 

ttf*Br = 12. lkG, iHc = 5. OkOe , (BH) 
m a x = 1 9 . 7 MGOeT'feo fc 0 4 fcSHif ©*£(&£7.@tt 
10~40nm, tt«tt7^77^ftli*!l7. 5Iffl 
%, **tt»JMBf±l&6 0ffia%-e*>ofc. r©»^5r 

«^4 0„inKT W«8Eg3 0/i 
m) fc.5»3V\ Ottt& (B) 4r^SaUfc„ ttft (B) «^ 
ttfflOBffijft^V' Kt50WH»tttt. B r = 9 . 3 
kG_ iHc=4. 6k0e „ (BH)max=ll. 5MG 

zHUSLfc, *©tt**ia4R:*i-. :ro@4i>5), 
apfittKft (B) #4 0%f+iE-e«*ttfc 
5„ *^^©i«3t-t-5. B r#8 kG£A± x iH 

c ^ 5 kOe &Lb> (BH) max ^ 11 MG0e^±SrilS 

(b) ©s-g-jt^n, *aofc«©»frrt:, 30 

~7 0%©$effl£fc-5. S»©^^/v^f-Sftt 
4 0 %tt 55© 12. 3 MGOeT o fc 0 
[0 0 3 8] Jt&09 1 

30 U^/Wc, irt£*>hmn (A) t (B) tSr#(C50~ 
1 5 0 nm<DfS\\zW&\^. OO/jmtL 

^aiJi^Lfc. r©#-£\ Bt{» (B) ©ig-g-it^l 0%© 

C-fc, 5 0%lc*5V^TIi, IH5tc0i|^-f-5 J: ft* 
©^ = i/^S:*D, 9 orolcia^T'b^-^^©*^^ 
tt«'>'t-«t feixfc. ^**«)® 
-6-Jt*»cB8*3fei*7 9%W«i:iaHc— je-C*>'9» i He 

»4S«{*^fev b r t)»*tti*fc«:«W*¥*W?J*«fl: 

40 5r^Lfco *»a>5J&£\ (BH) max©{t»4, i?=s/ 
^©ffffi»c«ti9^f±i©El*?r*$-f, rf^KatEWWl 
lcmb?iv^©t?fe5 0 
[003 9] tbtfe^J 2 

mmmi<otm (b) (xift^^y v/swtf») sra 

#T^■/^77^^B^*U^V^t©^-^M. 

(B) 5rNd 4 Dyi Fe72.5Co3 Gai Bi8.5^?> 
ifiJ5K©a#T^•/^7 5'^^a$r#U!feV^ ; ?^'7'©F e 3 B 
-Nd 2 F e l4 Bm&&*-7V y?W.*t LT > fSiMS 
**J&ft»#0»«M*ttS:»je B r = 1 

so 1. 9kG. iHc=5. OkOe , (BH)max=l 
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7. 8MG0e-Cfcofc 0 WM (A) f±H160iJ 1 h Pt&lC® 
TJ«, ^IS* (A) £lOO~250*tm 17 5 

M m) QMKlffiftlSiaE U B£*& ( B ) £ 5 0 j* m£lT 
™S4 0/im) tCSSSLfco mft (B) #1 0 0 
%©Hl--*ajfc©#>' KSfcBfcteSLfc t r 5. B r = 
9. 2kG-efcofc*5 x iHc = l. 7k0e t^if^CD 
fitKJ:bLT*:(@K{g;TU (BH)max = 4. 2MG0e 
ite^fttfcofc. — 8&!fc& (B) ©m^SrlOO- 
2 50fim (^f*D!giS 1 7 5 /i m) <Df^\zMSM& L-fc 
I' K*5tt, Br = 9. 3kG, iH 
c = 4. 8k0e , (BH)max=10. lMGOetf^gH 
fc«ft*M4Sr*Ti-*OT?, «E»-(B) lia#7t/V7 7 

St><Ot#^fetb6o W®4 0/imOi» (B) £ 

mkfl 1 1 (a) tom^m 

fct^5, EI 6 »-^-r$0 < , (B) 0Jt**S3O% 

5BrO|iii±tia?)KfciiS, i Hc(D{&T>55^:tl^ 
r<D,fetw*J»t5 (BH) maxOfflll TttffiftB 
7. 7MG0»&;*89lottH* 

[0 0 4 01 Hstt«3 
mtM2<MHft (B) (S^7yy^) Sr^#T 
^7 7^ffil4tt5i s . i H c*53. 5k0e *^§cDt 
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©fcSHEU (B) SrNdy Fe 85 Co 4 

B 4 ^5#fl^wa#T^7T^tiSr*-t-5oF e-N 
d2 Fei 4 BS^7"!/V/l5i:LT > 
ftft»#0«<M*ttSr»«Ufcfci5» Br = 12. 1 
kG, iHc = 3. 2k0e v (BH)max = ll. 9MG 
OeT-fcoT::. %1tMh^\t\ 0~5 Onm, «C8H4T* 

7 r * *I fi**) 9 . 5 . ttttttft Afg lift 751 

att» (a) temmm2 tmm\zmxf. m 

to (A) 5rl00~2 50/im 1 7 5 /x m) 

©RmmSflSU «» (B) ^5 0^m£JlT 
H3 5 ym) fcMELfc. (B) #10 0%©*- 

ffij£©#V K^&fESJLfci Br = 9. 7kG, 

iHc = 3. Ok0e x (BH)max = 7. OMGOeT'fc 

ofc 0 mMm2kmw£isVz-ewm (a) t (b) to 

»6US:£;i5» H7fcSt*D<, fl£& (B) ©Jt*# 
4 0%M3fiJj:*SV'»T^*©spi!|lffiW±^-©|6j±tx * 

tiHc©ffiTiJ 5 iL<, ^4 0%O^»C*5V^-C{) (B 
H) maxl±9. SMGOei^PjO^B^O^Mfi-Cfc 

[0041] mmm 1 > 2 Atwttitw 1 ~ 3 \zm^itm 

to (A) (B) 1 KlJiH-. M> ffrfEL-fc 

[0 0 4 2] 
[«1] 
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I^Z> (BH) maxOEOe) 
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[0 0 4 3] 

B r #8kGEJLb, iHc*S5k0e« 
±, (BH) ma x*5i l MG0e£lUbSri»£i-2u 

[HI] XttMKttltaKft (A) / (B) =5 0/ 
[02] 3l*tt«KfcNt5*±*7K^K«^«jlt«rt* 



[0 3] ^«lir*jlt5*±«#^K«5(0BSft»tt 
[El 4] XttM2^(td*±M^KV&oaftWtt 

[El 5] J*««lfc*5»t5«t& (A) / (B) =5 0/ 

[ei 6] jfc««2fc*rt**±«#>'Kaw©atjM»tt 

[El 7] Jt««3fc*5Jt5#±«*^K««0««4*tt 



[Ell 1 
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4 XT I 
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